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Abstract 


In theory of computability , 

the halting problem is 

a decision problem which can be 
stated as follows: Given a 
explanation of a program, decide 
whether the program finishes 
running or continues to run, and 
will thus run forever. This is 
corresponding to the problem of 
deciding, given a program and an 
input, whether the program will 
ultimately halt when run with 
that input, or will run forever. 
Halting problems played a 
central role in computability 
theory right up from the 
launching. In fact, in his 
formative paper [3] Turing made 
defined the concept of 

algorithm by introducing the type 
of machine known as Turing 
machine and 

proved the first un-decidability 
result: the un-decidability of the 
halting problem 

for Turing machines: 


Introduction 


The halting problem is a decision 
problem about belonging of 
computer programs on a 

fixed Turing-complete model of 
computation. The problem is to 
decide, given a program and an 
input to the program, whether 
the Program will eventually halt 
when run with that input. In this 
conceptual framework, there are 
no resource inadequacy of 
memory or time on the program's 


execution; it can take arbitrarily 
long, and use illogically much 
storage space, before halting. 
The question is simply whether 
the given program will ever halt 
on a particular input. 


For example, in pseudo code, the 
program does not halt; rather, it 
goes on forever in an infinite 
loop. On the other hand, the 
program halts very soon. 


The halting problem is famous 
because it was one of the first 
problems confirmed 
algorithmically undecidable. This 
means there is no algorithm 
which can be applied to any 
random program and input to 
decide whether the program 
stops when run with that input. 
Alan Turing proved in 1936 that a 
general algorithm to solve the 
halting problem for all possible 
program-input sets cannot exist. 
We say that the halting problem 
is undecidable over Turing 
machines .He proof that the sure 
problem that we now call the 
halting problem cannot be solved 
by computation [2] 


Turing then established a 
mathematical explanation of a 
device processing containing all 
these characteristics. This device 
is called Turing machine, which is 
today mentioned as a special 
drive computer. Turing machines 
are simple abstract 
computational devices proposed 


to help inspect the scope and 
limitations of what can be 
computed. Turing machines are 
the most powerful computational 
machines and are the theoretical 
foundation for modern computers 


[4] [5] 


B. Jack Copeland (2004) 
attributes the actual term halting 
problem to Martin Davis. M 


Halting Problem 


In this paper we may discuss first 
what is halting problem then how 
it works 3" portion we will see 
the possibility of decidability and 
try to proof it by contradiction 
finally we conclude the content 
and future scope of decidability 
of halting problem 


It was one of the first problems to be proved undecidable so the halting 
problem is historically important.[7] (Turing's proof went to press in May 
1936, whereas Alonzo Church's proof of the un-decidability of a problem 
in the lambda calculus had already been published in April 1936.) 
Consequently, many other undecidable problems have been described; 
the classic method of proving a problem to be undecidable is with the 
method of + - To do this, it is adequate to show that if a solution to the 
new problem were found, it could be used to decide an undecidable 
problem by converting cases of the undecidable problem into instances of 
the new problem. Since we already know that no method can decide the 
old problem, no method can decide the new problem either. Often the 
new problem is compact to solving the halting problem 
One of famous unsolvable problems is the halting problem. It asks the 
following question: Given an random Turing machine M over alphabet X} 
= {a,b}, and an random string w over X , does M halt when it is given 


w as an input ? 


It can be shown that the halting problem is not decidable, hence 


unsolvable. 


Theorem 1 : The halting problem is undecidable. 


Proof (by M. L. Minsky): [4]This is going to be proven by "proof by 


contradiction". 


Suppose that the halting problem is decidable. Then there is a Turing 
machine T that solves the halting problem. That is, given a description of 
a Turing machine M (over the alphabet X) and a string w, T writes "yes" 
if M halts on w and "no" if M does not halt on w, and then T halts 


M halts on w. 
(MM) #w Accept & Halt 


M does not halt on w. 
Reject & Halt 


Turing machine T 


We are now going to build the following new Turing machine T.. 

First we create a Turing machine Tn by adjusting T so that if T accepts a 
string and halts, then Tm goes into an infinite loop (Tm halts if the original 
T rejects a string and halts 


A(t w M halts on w. 


Turing machine T, 


Next using Tm we are going to create another Turing machine T. as 
follows: 

T, takes as input a description of a Turing machine M, symbolised by 
d(M), copies it to acquire the string d(M)*d(M), where * is a symbol that 
separates the two copies of d(M) and then supplies d(M)*d(M) to the 
Turing machine Tm. 


diMi) 


a d(M) Fd (Mo 


Turing machine T 


Let us now see what T. does when a string describing Te itself is given to 


it. 


When T. gets the input d(T.) , it makes a copy, constructs the string 
d(T.)*d(T.) and gives it to the revised T. Thus the modified T is given a 
description of Turing machine T. and the string d(T). 


at — 


T, halts on d(T. }. hep 


does net halt on d(T _). 
Halt 


Turing machine T, on input d¢T. ) 


The way T was revised the modified T is going to go into an infinite loop 
if T. halts on d(T.) and halts if T. does not halt on d(T;). 

Thus T. goes into an infinite loop if T. halts on d(T.) and it halts if Te does 
not halt on d(T.). This is a contradiction. This contradiction has been 
assumed from our hypothesis that there is a Turing machine that solves 
the halting problem. Hence that supposition must be wrong. Hence there 
is no Turing machine that solves the halting problem. 


Proof by contradiction: 


Suppose that the halting problem 
is solvable. Then an algorithm 
solving the halting problem exists 
and according to the Church- 
Turing thesis a program X can be 
written to act on any program P 
with data D and produce a 
decision as to whether P started 
on D ultimately halts. Now add 
instructions to X to create a new 
program Y. Y modifies X's 
conduct so that whenever X halts 
with a decision that P started on 
D halts, Y goes into an infinite 


loop. If X halts with a decision 
that P started on D does not halt, 
then Y halts. Finally, create a 
new program Z with input P. Z is 
defined so that it raises Y on 
program P with input P. (That is, 
the input data for Z is actually a 
program, which is just data.) 
think what happens when we run 
Zon Z. There are two prospects. 


. [6] Z started on input Z halts. If 


Z started on Z halts, then Y 
started on Z with input Z halts. If 
Y started on Z with input Z halts, 
then X decided that Z started on 


Z does not halt! 

Therefore, 

Z started on input Z halts implies 
that Z started on input Z does not 
halt. (contradiction) 


. Z Started on input Z does not 
halt. If Z started on Z does not 
halt, then Y started on Z with 
input Z does not halt. If Y started 
on Z with input Z does not halt, 
then X decided that Z started on 
Z halts! 


Therefore, 


Z started on input Z does not halt 
implies that Z started on input Z 
halts. (contradiction) 


Either alternative yields a 
contradiction, so our assumption 
that the halting problem is 
solvable must be incorrect. 


Halting problem undecidable 
or semi decidable? 


Halting problem is undecidable , 
but that does not make the 
problem semi-decidable. That 
makes its contrary that is the 
halting problem, semi-decidable, 
so no big news 


There is a vital and basic 
difference between saying yes 
and saying no. If you 

well thought out it in terms of 
languages, you can tell if a given 
program belongs to the language 
HALT (after a finite unbounded 
and unknown time). You will 
“never” be able to tell that a 
given program “does not” belong 
to HALT (that is belongs to co- 
HALT) .semi-decidable is really 
"halt on 'yes' or run forever", not 
"halt on 'no' or run forever. 


Notice that if both a problem and 
its co-problem are semi- 
decidable, then the problem is 
decidable : just run ‘in similar' 
both TMs, one day one of the two 
will answer 'yes' and you'll have 
your final answer. 


co-HALT is not semi-decidable 
(else, HALT would be decidable) 
Maybe the basic difference 
between answering 'yes' and 'no' 
is best shown with non- 
determinism (and NP/co-NP 
problems) : 

To non-deterministically check 
that an example of a problem 
announce a solution, you have to 
guess one (and only one) task .If 
we want to check that one 
instance of the co-problem admits 
a solution, we have to show that 
is *always* false (negation of 
exists is for all), thus checking 
that *all* assignments produce 
false, you cannot simply predict 
one assignment. 


The un-decidability of the 
halting problem is not very 
important 


Many programmer when 
challenged with a difficult 
computational problem ,claim 
that it doesn’t make sense to 
inspect it further ,since it is just a 
special case of the halting 
problem and as proved by Turing 
back in the day this is just not 
solvable in the general 

case .There are two important 
and opposite styles that show the 
little efficacy of this thought 
process .They are two different 
strike to the same area ,both 
apparently effective .The first 
matter include the fact that ,even 
if something is not manageable 
in the fully general case, it 


doesn’t mean there are not many 
useful cases where it’s not only 
perfectly but also manageable 
well worth doing it. 


Secondly visualise a language 
that doesn’t allow on- dismissing 
programs .By definition ,this 
can’t be Turing-compatible .And 
so we Should be safe from 
programs that crash or hang 
indeterminately .Leaving aside 
the inconvenience of even 
defining what accuracy is fora 
program, we could think that we 
would have advance a lot towards 
this goal. At least our program 
will be gritty to complete. 
Following this direction ,and 
trying to find ways to prove that 
certain classes of programs 
dismiss, advanced terms and 
differences such as data and co- 
data have been devised. A 
program that replies to an input 
stream should actually be allowed 
to run at least in proportion to 
the length of the input still be 
called correct 


Conclusion 


In Turing's day, mathematics was 
a well established subject, and 
computation was very new. 

So it seemed practical to ask: 
which mathematical functions are 
computable? A computer scientist 
might ask the contrary question: 
which programs can be 
characterized as total functions 
from preliminary state to final 
state? In other words, which 
programs have dismissing 
computations? Without 
communication, termination is 
essential, otherwise there is no 
output. 


Total functions from preliminary 
state to final state are a sensible 
characterization of 
Non-interacting terminating 
computation. But the question of 
termination has lost most of its 
interest in modern years. Today, 
computation is usually 
collaborative and possibly 
infinite; conclusion occurs when 
you click on “quit”. Today, total 
functions from early 

State to final state are 
insufficient to characterize 
computation. 

Even for non-interacting 
computation, it is insignificant to 
specify or guarantee or require 
conclusion. If a description says 
that the result is 2 and we 
observe that the result is 3 . 

We have bases for criticism. If a 
specification says that 
accomplishment is 
nonterminating and we observe 
termination, again we have 
grounds for complaint. Ifa 
specification says that 

execution is terminating (but 
gives no time bound), there is 
never a time when we can 
observe the computation 
disrupting the specification. 
Specifying or ensuring or 
requiring termination (with no 
time bound) is worthless because 
it does not rule out any reflection. 


It seems to me that the Halting 
Problem is nothing more than a 
so called "paradox," a self 
referencing (at the very least 
cyclical) contradiction in the 
same way as the Liar's paradox. 
The only conclusion it makes is 
that the Halting Function is 
susceptible to such malformed 
questions. So excluding 
paradoxical programs, the 


Halting Problem is decidable. So 
why do we hold it as evidence of 
the contrary? 

Because if we could solve the 
halting problem, we could build 
cities on clouds" 
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